Introduction: To assess progress towards the UNAIDS 90-90-90 initiative targets, we examined the HIV care cascade in the population-based Rakai Community Cohort Study (RCCS) in rural Uganda and examined differences between sub-groups. Methods: Self-reports and clinical records were used to assess the proportion achieving each stage in the cascade. Statistical inference based on a χ 2 test for categorical variables and modified Poisson regression were used to estimate prevalence risk ratios (PRRs) and 95% confidence intervals (CI) for enrolment into care and initiating antiretroviral therapy (ART). Results: From September 2013 through December 2015, 3,666 HIV-positive participants were identified in the RCCS. As of December 2015, 98% had received HIV Counseling and Testing (HCT), 74% were enrolled in HIV care, and 63% had initiated ART of whom 92% were virally suppressed after 12 months on ART. Engagement in care was lower among men than women (enrolment in care: adjPRR 0.84, 95% CI 0.77-0.91; ART initiation: adjPRR 0.75, 95% CI 0.69-0.82), persons aged 15-24 compared to those aged 30-39 (enrolment: adjPRR 0.72, 95% CI 0.63-0.82; ART: adjPRR 0.69, 95%CI 0.60-0.80), unmarried persons (enrolment: adjPRR 0.84, 95% CI 0.71-0.99; ART adjPRR 0.80, 95% CI 0.66-0.95), and new in-migrants (enrolment: adjPRR 0.75, 95% CI 0.67-0.83; ART: adjPRR 0.76, 95% CI 0.67-0.85). This cohort achieved 98-65-92 towards the UNAIDS "90-90-90" targets with an estimated 58% of the entire HIV-positive RCCS population virally suppressed. Conclusions: This cohort achieved over 90% in both HCT and viral suppression among ART users, but only 65% in initiating ART, likely due to both an ART eligibility criterion of <500 CD4 cells/mL and suboptimal entry into care among men, younger individuals, and in-migrants. Interventions are needed to promote enrolment in HIV care, particular for hard-to-reach subpopulations.
Introduction
Through viral suppression, effective antiretroviral therapy (ART) prevents progression to AIDS [1] [2] [3] and death [4, 5] , and substantially reduces HIV transmission [6, 7] , thus helping to curtail the HIV epidemic [8, 9] . Given these benefits of ART, the Joint United Nations Programme on HIV/AIDS (UNAIDS) has set a "90-90-90" target by 2020 to diagnose and counsel 90% of all HIV-positive individuals, provide ART for 90% of those diagnosed as HIV positive, and achieve sustained viral suppression for 90% of those treated. This translates to 73% of all HIV-positive individuals being virally suppressed [10] .
Reaching the UNAIDS targets requires early diagnosis, effective treatment, and maintaining patients in care [11] [12] [13] . However, there is growing evidence that, even among HIV-positive individuals who know their status, substantial proportions do not enrol into HIV care and treatment programs. Delays in diagnosis and entry into care lead to late presentation for ART, with increased risks of HIV-related morbidity and mortality and continued viral transmission [14] . In addition, patients who enrol in HIV care are sometimes non-adherent and do not achieve viral suppression, or are not effectively r e t a i n e di nc a r e [ 15] .
Gardner and colleagues described levels of engagement in HIV care, ranging from "unaware of HIV infection" to "fully engaged in HIV care with suppressed viral load" [16] , i.e., the HIV "care cascade" framework. The framework provides a population-based approach to programme monitoring and highlights opportunities for intervention. The Rakai Community Cohort Study (RCCS), a large and long-standing population-based cohort, offers a unique opportunity to study select stages of the HIV care cascade in a rural East African population. Most HIV care programmes are clinic based and do not have population-based data with which to determine the proportion of HIV-positive individuals or selected subgroups who do or do not access care. We assessed the spectrum of engagement in care and examined differences between sub-groups of HIV-positive individuals enrolled in the Rakai Community Cohort Study in Rakai Uganda.
Methods

Study population
The RCCS, ongoing since 1994, is a longitudinal population cohort of approximately 17,000 persons aged 15-49 years conducted by the Rakai Health Sciences Program (RHSP). The RHSP is also a US President's Emergency Plan for AIDS Relief (PEPFAR) implementer, providing HIV counseling and testing (HCT), pre-ART care, and ART. All HIV-positive persons identified via the RCCS are referred for care and treatment. Beginning in September 2013, RHSP transitioned from directly delivering care in 19 government health facilities to Ministry of Health (MOH)-led delivery of services (District Lead Programming -DLP) with RHSP assistance. The population for this study included HIV-positive residents of the region enrolled in the RCCS between September 2013 and December 2015; corresponding to when Ministry of Healthled delivery of services began in the study region.
The RCCS includes 41 agrarian, trading, and fishing communities in the region of Rakai District, south-central Uganda. RCCS communities are representative of rural Uganda (HIV prevalence is~14% in trading communities, 12% in agrarian communities and~42% in high-risk fishing communities [17] . All RCCS communities are within an hour's walk of a clinic, the majority being within half hour by foot.
At approximately 18-month intervals, structured confidential RCCS interviews are conducted in Luganda, the local language, by trained same-sex interviewers, in order to collect information on sociodemographic characteristics, health (including the use of HIV care and ART), and sexual risk behaviours. Prior to the interview, pretest counselling and HIV testing is offered free of charge using a validated three rapid test algorithm [18, 19] , and participant who consent to receive their HIV results receive post-test counselling by onsite counsellors. RHSP staff also collected detailed data to link clinic patients to the RCCS survey participants.
HIV care is provided by MOH personnel, with supervisory and monitoring support from the RHSP. In the clinics, pre-ART HIV care consists of cotrimoxazole for opportunistic infection prophylaxis, bed nets for malaria prevention, and clean water vessels with hypochlorite to prevent diarrhoea, positive prevention education, reproductive health services and treatment of sexually transmitted infections. Six monthly CD4+ cell count monitoring is used to assess ART eligibility. Since January 2014 the criteria for ART initiation were raised to a CD4 cell count ≤500 cells/mm 3 (from ≤350 cells/mm 3 ) for the general population, and test and treat for most-at-risk populations in fishing communities [20] . First-line ART consists of standard three-drug regimens approved by the Uganda MOH. HIV-positive individuals on ART are monitored clinically and via six monthly CD4+ cell counts and HIV viral load assays. However, the viral load testing is conducted at a central national laboratory, and there have been delays in the return of results; thus, viral load measurements 12 months after ART initiation were only available for a fraction of ART patients (20%, 366/ 1850).
The study was reviewed and approved by the Uganda Virus Research Institute Research and Ethics Committee, the Uganda National Council on Science and Technology, the Johns Hopkins University School of Medicine Institutional Review Board, and the Western Institutional Review Board, Olympia, WA. Study participants provided written informed consent at each RCCS visit; the consent included agreement to link participants' RCCS survey results to their clinical data.
Data sources
For this analysis, we linked two longitudinal data sources: the RCCS survey and surveillance data maintained by RHSP and the electronic RHSP clinical data system which uses the Open Medical Record System (OpenMRS) an open-source electronic health record [21] . The RHSP clinical data system is derived from the local Ministry of Health clinic-based HIV treatment and care information system, which contains data for all patients enrolled in either pre-ART or ART in each of the 19 clinics within the Rakai district. We linked the OpenMRS data at the individual level to the data in the RCCS study system by using the laboratory identification number utilized in RHSP supported clinics. Together, these data provide information on HIV prevalence in the community, and on the HIV care cascade. The RCCS ascertains the proportion of HIV-positive individuals who accept HCT from RCCS counsellors and also collects self-reported data on receipt of HCT from the RCCS or other providers, engagement in pre-ART care and receipt of cotrimoxazole, and use of ART. HIV care status was also assessed from clinic-based patient records. Clinic data included date of visit; cotrimoxazole and ART dispensed; blood samples for CD4+ cell counts and HIV viral load testing; patient health status and laboratory results when available. Mortality and outmigration prior to December 2015 were ascertained using both the clinical and RCCS study records and individuals who died or out-migrated were removed from the population at risk denominator. • Enrolment in HIV care was defined as completing at least 1 clinic visit and/or self-reported use of cotrimoxazole or ART.
HIV care cascade outcomes
• ART status was defined by having a clinically confirmed ART initiation date and/or self-reported use of ART.
• Viral suppression was defined as a viral load ≤1000 copies/mL 12 months after initiation of ART per WHO recommendations [22] . Since viral load testing was not available for participants who selfreported ART from other HIV care providers, the proportion of participants who were virally suppressed was estimated among ART recipients with a viral load measurement 12 months after ART initiation based on RHSP and MOH clinic records.
Statistical analysis
Participants were categorized into the cascade categories described above. The proportion of HIV-positive persons achieving each stage in the cascade was calculated, and statistical inference was based on a χ 2 test for categorical variables. We also used modified Poisson regression to estimate prevalence risk ratios (PRRs) and 95% confidence intervals (95%CIs) of enrolment into care and initiation of ART. Covariates associated with enrolment into care and initiation of ART in the bivariate analyses with p values <0.05 and potential confounders identified in the literature were included in the multivariable models. In a sensitivity analysis of viral suppression, we used inverse probability weighting to account for potential selection bias associated with having a viral load measurement 12 months after ART initiation. Inverse probability weights were constructed based on established methods [23] using a logistic regression model and data on the age, education level, occupation, socioeconomic status, community type, and migration status of participants with and without a viral load measurement 12 months after ART initiation. Weighted PRRs were estimated using Poisson regression assuming independence between individual participant observations and conditional on observed covariates. Migrants were identified through the RCCS community census and defined as persons who moved from another community regardless of distance travelled. For classification of socioeconomic status, we used a household wealth index, based on the building materials of the respondent's home [24] . All statistical analyses were performed in the R statistical software (V3.2.5), and the inverse probability weighted analysis was done using the survey package.
Results
From September 2013 through December 2015, a total of 3,666 HIV-positive participants were identified in the Rakai Community Cohort (Table 1 ). In total, 63% (2308/3666) of HIV-positive participants were female. The median age of all HIV-positive participants was 33 years (Interquartile range, IQR, [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] . 59% (2166/3666) were currently married, 88% (3207/3666) were Christian, and 92% (3367/ 3666) had at least some primary education. Figure 1 and Table 2 show the HIV care cascade by participant characteristics. In total, 98% (3577/3666) of all HIV-positive participants were aware of their status; 92% (3386/3666) had consented to and received HIV test There was no significant difference by sex in the receipt of HIV test results (p = 0.658), but there were significantly lower proportions of males than females in every subsequent stage of the HIV care cascade (p < 0.000, Table 2 ). Individuals aged 15-24 were less likely to be aware of their HIV status (p = 0.033), to be enrolled in care (p < 0.000), on ART (p < 0.000) and have a suppressed viral load (p < 0.000), compared to HIV-positive persons aged 30-39 years. In addition, persons who had in-migrated were less likely to be aware of their HIV status (p = 0.019), to be enrolled in care (p < 0.000), on ART (p < 0.000) and less likely to have a suppressed viral load (p < 0.000) than long-term residents. We found that the majority (85% [2312/2729]) of those enrolled in care had initiated ART; initiation was 83% [1076/1298] in fishing communities receiving test and treat, which was similar to 86% [680/793] in Agrarian communities, and 87% [556/638] in trading communities in which ART was initiated at a CD4 count <500 cells/mm 3 . Despite the fact that fishing community populations were offered ART at the time of diagnosis, we found the same disparities for entry into care and ART initiation by age, sex, marital status, and migration status ( Supplementary Table 1 ). Table 3 shows the unadjusted and adjusted PRR of enrolment into care for all participants. Men were less likely to be enrolled in care compared with women (adjPRR 0.84, 95% CI 0.77-0.91). Enrolment into care by HIV-positive participants aged 15-24 was 28% lower than among older individuals aged 30-39 (adjPRR 0.72, 95% CI 0.63-0.82). Never married HIV-positive participants, were less likely to be enrolled in care compared with married individuals (adjPRR 0.84, 95% CI 0.71-0.99), and in-migrants had 25% lower enrolment in care than long-term residents (adjPRR 0.75, 95% CI 0.67-0.83). There was no difference in enrolment in care in trading communities (adjPRR 0.98, 95% CI 0.88-1.09) or in fishing communities receiving test and treat (adjPRR 1.08, 95% CI 0.98-1.18) compared to agrarian communities. Table 4 shows the unadjusted and adjusted PRR of initiating ART. Men were 25% less likely to be on ART compared with women (adjPRR 0.75, 95% CI 0.69-0.82). ART use was lower in HIV-positive participants aged 15-24 than those aged 30-39 (adjPRR 0.69, 95% CI 0.60-0.80). Never married HIV-positive participants were less likely to be on ART than married persons (adjPRR 0.80, 95% CI 0.66-0.95), and ART use was 24% lower among in-migrants than longterm residents (adjPRR 0.76, 95% CI 0.67-0.85). There were no differences in ART initiation in trading communities (adjPRR 1.00, 95% CI 0.89-1.12) or in fishing communities receiving test and treat (adjPRR 1.00, 95% CI 0.96-1.17) compared to agrarian communities. In this cohort, we found the UNAIDS "90-90-90" treatment targets to be 98-65-92: among people living with HIV in the RCCS 98% (3577/3666) received HCT, 65% (2312/ 3577) of HIV-positive participants diagnosed had initiated ART, and 92% (336/366) on ART who had a viral load measurement were virally suppressed at 12 months. We found the "'90-90-90" treatment targets to be 98-69-93 for women and 97-57-89 for men.
Discussion
Using the HIV care cascade to identify gaps and opportunities for quality improvement is important for programme evaluation. Most HIV care programmes are clinic based and do not have population-based data with which to determine the characteristics of HIV-positive individuals who do or do not access care. In contrast, the RCCS provides information on patient-level factors affecting HIV care utilization. Our results indicate disparities in engagement in HIV care among several sub-populations. HIV testing and knowledge of HIV status was high as persons in the RCCS are offered immediate HIV results based on a rapid test algorithm. The high uptake of HCT in this setting was likely due to the community-based HIV testing strategy, and ongoing health education which strongly recommends receipt of results. However, underutilization of HIV care services remains a substantial problem in this setting, despite the availability of free services in close geographic proximity. When comparing our findings to a recent analyses of the HIV care cascade in the Rwanda, we found lower rates of enrolment into care (76% vs. 86%), but higher rates of ART initiation among those enrolled (85% vs. 63%), and higher rates of viral suppression among those who were retained in care (92% vs. 82%) [25] . We defined viral suppression as 1000 copies/mL per WHO guidelines, in order to adopt a standard measure and allow comparability across studies. However, sensitivity analyses lowering the viral load to the assay limit of detection (400 copies/mL), did not change our estimates of viral suppression. The majority of persons enrolled in care had initiated ART, and this was similar in communities using a CD4 cell count ≤500 for ART initiation as well as in fishing communities using test and treat. These findings are supported by the recent results of the ANRS 12,249 treatment as prevention trial that found delayed enrolment into care reduced the potential benefit of early ART initiation [26] , suggesting that implementing the new 2015 WHO guidelines, recommending universal access to ART regardless of CD4 count, may not be effective in increasing ART coverage. As treatment for all is implemented in Sub-Saharan Africa, programmes will need to focus on enrolment into care that is the most critical area in the cascade. Consistent with other studies, we found that men had lower engagement in care than women [27] [28] [29] and that younger age was associated with lower engagement in care [27, 29] , which indicate a need to target interventions for these subpopulations. The lower ART initiation among youth could be a function of earlier stage infection, and lower rates of ART eligibility. However, we found the same disparities by age in the fishing communities where ART eligibility is based on test and treat. The finding that new in-migrants underutilized care is corroborated with other studies [30] [31] [32] . However, it is unclear whether migrants are care-naïve, or whether their care and treatment was interrupted by their migration. Nevertheless, there is a need for interventions to effectively link new in-migrants with HIV care and treatment. These findings support the need for rigorous implementation science, and qualitative studies to discover the underlying reasons why some subpopulations are at higher risk of not linking to care than others and to better understand barriers of service use within these subgroups.
This study has several limitations. First, we cannot be sure that the cascade estimated from the RCCS population can be generalized to the total HIV-positive population of Rakai District. However, the distribution of behaviours in the RCCS is consistent with rates from the Uganda National HIV Serosurvey and the Uganda Demographic and Health Survey [33] [34] [35] [36] and participation rates in this study were comparable to similar community cohorts in Africa [37] . The proportion of participants who sought care at other facilities or failed to report care to avoid stigma is not known. In addition, previous studies have shown conflicting results regarding the accuracy of self-reported utilization of healthcare among HIV-positive individuals [38] [39] [40] [41] . However, the use of a combination of data sources is the most effective method for measuring care outcomes [42] [43] [44] . Thus, the use of both clinic-based records and selfreported information from RCCS surveys likely reduced measurement error. We used self-reported use of ART, but a previous study of self-reported ART use validated by detection of plasma antiretroviral drugs in this study population found a high specificity (99%) and sensitivity (76%) for self-reported ART use [45] . Missing data on viral loads among patients 12 months after ART initiation was a further limitation. This was due to programmatic delays in the return of results, so we extrapolated available plasma viral load data to the proportion on ART. Nevertheless, inverse probability weighted analyses to adjust for differences between patients with and without viral load results suggested that this extrapolation was unbiased.
Conclusions
In the four areas of the HIV care cascade we assessed, 98% were aware of their HIV status, however, the remaining three areas were below global targets, likely due to both an ART eligibility criterion of <500 CD4 cells/mL, and suboptimal entry into care for several sub-populations. Interventions are needed to promote enrolment of HIV-positive males, younger individuals, and in-migrants into HIV care which will require new resources and strategies to meet global targets for ART initiation, retention, and viral suppression.
